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I.  AREA  OF  WORK  -  IMFROVED  KFR  RESOLUTION  (C.  LOGAN) 

1  A.  Work  Item  -  Improved  light  collimation  during  KPR  exposure. 

Tills  work  item  has  been  completed. 

2  A.  Work  Item  -  Mask  Wi  fer  "Contact"  Ex;  r> sure  Sf^'acis. 

Tbis  work  item  has  been  completed . 

3  A.  Work  Item  -  High  Resolution  bin  ska. 

This  work  item  h;.3  boon  completed. 


II.  AREA  Or'  WORK  -  CONTACT  EVAPORATION  AM)  ALLOYINi  (C.  LOGAN) 

1  A.  Work  Item  -  Improve  i  Substrata  Heater  Design. 

B.  Abstract  -  Im;  rove. 1  suustrate  iieaters  oi  tee  '.osi;.,n  described  in  tlie  previous 
l’j;  rts  have  bc>m  installed  and  arc  bain0  use  1  for  vapor 
^position  processing,  A  number  of  analytical  techniques  were 
aj.'ossed  for  contact  evaluation  relative  to  process  monitoring. 

0.  Purjose  -  Consistent  t  nd  uniform  alui .inu.u  contact  surfaces  and  alloy 

necessitates  controlled  dejoaition  an J  alloy  temperatures.  The 
i.a;  rove  .1  heater  design  has  bom  be vela;  eJ  to  .ninimize  temperature 
:  ra  ient  effects  which  ore  characteristic  of  lar  e  area  tlectrical 
"f-uistance  ueaters. 


D.  Narrative  -  Work  du^ini  tids  quarter  baa  consisted  of  the  evaluation  of  a 
and  Date.  number  of  analytical  techniques  for  defining  the  quality  cf  the 
acnt-  ct  process.  The  following  techniques  were  evaluated: 

1.  Cross-sectioning, 

2.  Ultrasonic  Vibration, 

3.  Ply  sic  1  Abrasion, 

li.  Dissolution  of  the  contact  metal  followed  by  microscopic 
examination  of  the  substrata. 


A  cross-sectioning  technique  was  developed  for  measuring  tlie 
legree  of  aluminum-silicon  interaction,  wldch  involved  angle- 
lapping  of  the  transistor  structure  followed  bp  high  magnification 
microscoi  ic  viewing.  Due  to  preferential  abrasion  of  tlie  aluminum 
which  occurred  under  certain  Lapping  conditions,  the  reproduc¬ 
ibility  of  this  teclmique  was  open  to  question.  The  feedback  time 
for  results  was  also  too  long  for  convenient  use,  so  this  technique 
was  abandoned. 


The  regular  clean-up  which  follows  alloying  lias  been  expanded  to 
include  a  high-energy  ultrasonic  vibration  in  a  water  medium. 
Wafers  with  larginal  allop  quality  are  immediately  recognisable, 
■ue  to  either  partial  or  complete  loss  of  tiie  contacts.  Wafers 
showing  small  isolated  areas  of  lost  aluminum  are  physically 
abraded  with  a  siiarp  pointed  instrument  to  distinguish  between 
overall  poor  alloy  due  to  some  surface  condition  such  as  residual 
oxide  or  KFR. 


Conclu¬ 
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A  technique  for  the  removal  of  the  aluininum  from  the  contact  ares 
using  a  chemical  etch,  either  Ilf  or  HC1,  and  then  viewing  the 
aluminum-silicon  interface  at  high  magnification  under  dark  field 
illumination  has  been  established.  This  lias  proven  to  be  a  very 
desirable  tecimique  for  determining  contact  alloy  quality  based  on 
cln.r  cteristically  identifiable  interface  conditions  such  as 
dendrite  or  pit  size  and  density,  silicon  re growth  formation  and 
amorphous  silicon  deposits. 

Backing  up  these  analytical  procedures  is  a  pre-sampling  plan,  in 
which  a  small  number  of  pellets  is  fabricated  into  devices  and 
bon' lability  (ease  of  ti.ernocompression  bonding),  strength  of  the 
bond  (drop  test)  and  electrical  resist- nee  of  t  e  contact  are 
assessed  tc  est-  hlish  control  quality. 

Wit'  t  e  exception  oi  ti;e  first  technique  (cross-sectioning),  all 
taese  procedures  have  been  a  o] tod  to  some  degree  and  are  being 
used  for  process  monitoring. 

-  The  new  infrared  heater  design  ..as  efxected  a  significant  improvement 
in  the  reproducibility  and  uniformit;  of  the  contact  process.  These 

ii tprovements  were  verified  and  are  beinL.  . .aintr ine  !,  using  the 
process  monitoring  techniques  described  abcv9. 

-  This  work  item  has  ^ecn  co  pitted. 


-  Temperature  Control  Improve. .ents. 

item  hi* s  Le  .n  completed. 

-  Retaliated  Leak  Consideration. 

has  been  pre-empted  by  ti.e  vacuum  deposition  process  (See  It  A.) 

-  Vacuum  Deposition  Frocess. 

-  The  elevated  substrate  temperature  deposition  process  lias  become 
stand.  ;-d  procedure  for  contact  processing. 

-  To  develop  constant  process  which  would  minimize  the  critical 

tnre  of  TJj,  Thermo  Compression  Bonding;,  and  promote  repro¬ 
ducibility  cf  .-Hoy  regions  having  negligible  effect  on  the 
elect ”ic..l  par  meters. 

-  lefar  '«  "N  rra live  and  Data"  for  "Work  Item  -  Improved  Substrate 
Heater  Design",  in  "Area  of  Work  -  Contact  Evaporation  and 
Alloy  i-y",  HID. 

-  d  a  .'leva to  .  tempera turs  ^positions,  along  with  the  improved 
su’-.s It*:  te  heater  design,  l.avc  resulted  in  improved  reproducibility 
■  nb  u.iii't  r.  dt%  of  t..e  cun  tact  process,  and  hence  improved  lead 

-  Itaoh.  .ent.  Fro  jess  :  ionite -in,-  techniques,  as  discussed  in  II  1  D 
h-.  ve  verific  i.Js  j  a  '■  will  hr  use  to  ensure  process  control. 


-  This  work  item  has  been  completed. 
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F.  Program 
for  next 
Quar ter 


III.  AREA  OF  WORK  -  COLLECTOR  ETCHING  (C.  LOGAN) 
1  A.  Work  Item  -  Surface  Masking. 

Tliis  work  item  Has  been  completed. 


IV.  AREA  OF  WORK  -  BCROM  DIFFUSION  (A.  R.  DI  PIETRO) 

1  A.  Work  Item  -  Replace  Present  3olid  Source  Process  by  v  hCl^  Gaseous 

Source  Process. 

This  work  item  was  teridnmted,  as  reported  in  Quarterly  Report  Mo.  3» 

V.  AREA  OF  WORK  -  IHOSPHORU3  DIFFUSION  (J.  F.  WliOLEY) 

1  A.  Work  Item  -  Liprove.1  So  < roe  Heater  for  Ihosphouus  Diffusion. 

r*ds  work  item  has  been  completed. 

2  A.  Work  Item  -  Improved  Technique  of  Loading  Phosj horns  Source  Boats. 

This  work  item  h  s  been  comjleted. 


VI.  ARE*  OF  WORK  -  COLLECTOR  CO'TTfCT  TO  THE  :  RADER  (R.H.  L.HZL,  J.L.  DURSO, 

J.  RlCi iARDSON) 


1  A.  Work  Item  -  Reduction  in  Size  of  Preform. 

The  b;  sic  work  it.m  is  the  debug  in..  of  ti  e  preform  mount  equipment  to  provide 
rapid,  :  ecu rate  and  reproducible  attachment  of  preforms  to  headers  prior  to 
pellet  mount  and  to  optimize  further  tie  entire  pellet  mount  process. 

D.  Abslr;ct  -Work  progressed  t(  tie  jxdnt  vnere  preforms  were  being  :pjlieJ 

ecu  irately  at  pla  nne 1  rates.  Tee  preform  machine  was  then  incorp¬ 
orated  in  the  j reduction  line.  T..e  .  iao.dne  iias  subsequently 
experienced  considerable  dou  dime,  die  to  maintenance  problems, 
hut  work  on  this  "first  ,  enu  •ai.ion"  mac',  ine  is  cc  isi  ie  'ed  satis- 
'  o*o ay  and  complete. 

C.  Purjose  -  The  ,o'  1  durin  t,  is  period  was  ’tc  complete  the  debug,  inj  of  the 
jrsiiri  ..iouutin  equipment. 


u 


D.  Narrative  -  Debugging  work  was  co.npleted.  More  accurate  preform  ribbon 
and  Data  tooling  was  provided.  In  order  to  increase  preform  placement 

accuracy  still  further,  a  retractable  hold-down  was  incorporated, 
to  control  the  preform  from  the  time  of  cutoff  until  welding 
took  place. 

E.  Conclu-  -  The  feasibility  of  this  work  item  was  substantiated.  Continuing 

sions  effort  must  be  made  to  maintain  placement  accuracy  and  to  minimize 

equipment  downtime,  but  the  basic  work  item  is  considered  to  be 
complete. 


2  A.  Work  Item  -  Reduction  of  the  Corroding  Species  by  Improving  Cleaning  and 
Tighter  Inspection  of  Purchased  Material  (F.K.  jIASBRENNER, 

R.J.  KOBIZR). 

B.  Abstract  -  During  this  period  line  experiments  were  conducted  to  determine 

the  effect  of  thermal  cycling  on  gold  adhesion  and  samples  obtained 
for  comparison  of  "as  received"  versus  "cleaned"  parts  and  placed 
on  high  temperature  storage  tests  (300°C.  to  350°C.  range). 

C.  Purpose  -  To  determine  if  the  inspection  procedures  and  tests  are  adequate 

in  controlling  the  quality  of  the  gold  plate,  and  to  determine  the 
effect  of  uncleaned  headers  on  device  performance. 

D.  Narrative  -  Hitherto,  work  has  been  essentially  concerned  with  determining  how 
and  Data  well  the  cap,  preform  And  header  meet  the  drawings,  and  the 

effectiveness  of  the  incoming  inspection  and  cleaning  processes. 
Recognising  that  the  header  and  its  finish  play  the  major  role  in 
obtaining  good  alloying  or  adhesion  of  pellet  to  header,  devices 
were  fabricated  with  uncleaned  .leaders,  in  an  attempt  to  evaluate 
the  effect  on  the  collector  contact. 

The  experiment  with  cleaned  versus  uncleaned  headers  was  designed 
to  determine  if  header  cleanliness  can  contribute  to  a  major  mode 
of  failure.  After  1,000  hours  of  baking  at  both  300°C.  and  350°C. 
on  "as  received"  and  "cleaned"  parts,  the  results  indicated  that 
there  were  no  opens  of  pellet  to  header  contact  in  either  group. 

1.  Cap  and  Preform. 

No  additional  information  was  obtained  in  this  area  and  no  changes 
were  made  in  the  drawing,  as  processing  is  considered  to  be 
necessary  at  this  time,  to  Improve  the  quality  of  the  product. 

2.  Header. 

To  date  we  have  investigated  the  thickness  of  gold  plats,  the 
identification  of  base  material  and  the  effectiveness  of  the 
cleaning  process,  as  determined  by  infrared  analysis.  Vendors 
have  been  approached  on  the  subject  of  the  purity  of  their  gold 
plating,  but  they  were  unwilling  to  specify  anything  more  specific 
than  2U  A  gold.  The  purity  of  the  gold  used  is  important,  and 
control  of  contamination  in  the  gold  seems  to  be  a  constant 
problem  in  the  plating  processes. 

It  has  been  observed  during  experimentation  that  subtle  variations 
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between  plated  parts  could  affect  some  line  processing  operations 
such  as  therinocompression  bonding  and  could  lead  to  rejections  at 
this  work  station.  These  variations  have  not  been  detectable  by 
incoming  inspection  procedures.  Therefore,  more  inspection  has  been 
instituted,  based  on  line  usage  processing,  to  ensure  that  poorly 
plated  lots  do  not  reach  the  production  lines. 

E.  Conclu-  -  It  appears  that  the  level  of  contamination  present  in  the  devices 

sions  is  low  enough  in  magnitude  to  rule  it  out  as  a  contributor  to  a  major 

mode  of  device  failure  of  collector  contact,  i.e.,  no  opens  in 
"cleaned"  or  control  versus  "uncleaned"  neader  experiment.  Therefore, 
no  iiLijor  ch  -nges  in  hea<  ei  drawings  will  be  initiated. 


F.  Program  -  Tnis  work  item  has  been  completed. 

for  next 
Qu.rter 


VII.  AREA  OF  WORK  -  INTERCONNECTIONS. 


1  A.  Work  Item 


Improve  Bonding  Process  (LANZL,  DURSO,  KOBLER). 


B.  Abstr  ot  -  1.  Darin  t  ,is  period  tests  were  'omplefed  on  units  fabricated 

with  wi>  ■_  from  Vendor  H.  Re.. alts  of  .  study  of  wire  specific- 
tic  ns  -ud  surf  •.&  art  .un  non  ..e’c  a  iso  completed. 

2.  m  n  f  ur.ug  (u; vice  i  ri  ■  tic  .)  i.a ;  been  converted  to  u  new 
vj  !,  e  w.a.  s.  previt  >1  >  it  < .  improved  bond  strength. 

C.  Purpose  -  1.  To  determine  tne  effect  cf  uteri  1  from  Vendor  B  on  device 

sire..;  ti  ,  wj...  ..her  with  armiimug  o;  tia>un  wire  specifications. 


2.  To  ofct  m  .n  optimum  ter; dir*  process,  using  a  new  wedge  design. 

D.  Narrative  -  1:.  Se -ond  3o’r;e  of  Wire  Sup]  j.j  (.Vendor  B). 
and  Dat 

Units  f  bri...  ted  with  wi.^  <  bt..meu  from  Vendor  B  have  been 
subjected  to  series  of  ne.  h.  meal  tests,  an.i  tlie  results  are  as 
follows: 


e  i 
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Our  results  indie  ted  th  t  failure  r  tes  for  tue  l£  and  16^ 
cio.tg;  tier,  wires  were  i.iL..er  t.,  r  t».ose  for  the  and  13/S 
eloi.;;;  tic.;,  w^ru.s. 
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An  order  was  therefore  placed  with  Vendor  B  for  $00  feet  cf  wire 
to  nio  -  13#  cion  ■■  tion  value  range  (G.B.  measured  these  elong¬ 
ations  •  s  10#  -  ll*#).  When  the  ut  terial  was  received  and  tested  for 
compile  r.oi  witi  specific  ti»..i,  it  w..s  found  to  be  in  the  15#  -  16;? 
r;  nge,  and  was  returnee  for  repl  cement.  Toe  vendor  felt  that  10#  - 
1 h'/°  w-  s  too  tighi  .  raiif  e  to  produce  consistently,  and  a  compromise 
a.nce  of  V;?  -  15/?  v;  c  .  .  retd  upon. 

it  teri.  1  to  this  >■  :r.),e  h  e  be.  n  received  and  is  being  processed 
on  the  production  line  at  tie  p:  e.-;ent  time.  Perform,  nee  will  be 
reported  at  a  lule.  -..be. 

lb.  Study  of  Wire  Specifications 

During.  this  period  -  n  invee  tit,.- tier  was  completed  on  the  effect  of 
re-,  nnealing  .  nr.e&leii  wire  on  the  eionL..  ti<  n  range  and  break  load 
of  wire  from  Vendor  A.  The  results  re  as  follows* 


Figure  c 


Elo:v.  tion  % 

i’"-  .king  Lor.'  (Gins.) 

Ac  Received 

After  Annealing 

Ac  Received 

After  Anne,  ling 

I'.l  -  15. ii 

'  '  ->  n  *“ 

-  1  •  •  -  **  •  1 

15.5  -  25. C 

T:  ere  fere ,  sine  our  result."  t-nd  U  i.tilcte  only  slight  change 
in  .iicc.  r.i"-  1  properties  .fli-r  re-coj.l.int  ....  wire  on  sur  11  spools 
/•  re-  r.nt  ling,  tnc  olc.-.g  tion  r  u.e  cf  y ?  -  15#  appears  to  be  a 
rn  sci  •  tie  wir..  specific  uio:i. 

lc.  Sunt  C3  Cont  .air  tion  of  Wirt. 

Wire  irem  Vender  A,  "  s  received",  w.  r.  c.  eckec  ibr  organic  ,a:  terial 
by  infrared  an  lysis  n  ;  was  1\  und  tc  have  t'3  *  1C  ppm,  which 
reduced  tc  d  -  3  ppm  fter  t;  e  ^ie- rang,  eper  tion.  However,  samples 
of  .a  teri.  1  li'e.ii  Vendor  B.  wi.icb  is  esti.ii.  ted  te  have  ap|i'cxii:r  tely 
the  s.  i,ie  r  c-avod"  ppn  of  organic  mrteri  1,  were  run  on  300°C. 
stor  L,e  for  1, OOi  lie  rs  wit*,  no  resulting  opens  or  failures.  This 
..my  in.Lo  te  th  t  ..c  aiitere -ce  in  xnV.min-  tion  levels  was  not 
signiXic  n*  enc  u;  j.  to  lv  /e  :  ny  effect  or,  device  perf cn.t.nce . 

ld.  The  ori^  in;  1  oujcciive  of  ootcini:.,  more  uniform  physicel 
prej cr'.ies  cf  wire  hr  s  been  re  liaed  by  cot:  iidrg  twe  vendors 
capable  of  producing  materi.l  per  t;  ..  revised  sjecil'ic;  tions. 

3  r.d  rdisia.ii. !  of  i,e  length  for  elongation  nd  specific- ticn 
of  r.  te  cf  puli  will  ensure  th:  t  this  uniformity  is  mr.intr.ined, 

Tlierefcre,  wo’k  in  this-  area  is  complete. 

2..  .  Results  from  wedge  design  experiments  during,  the  last  quarter 
showed  cue  t  :  si  nificant  improvement  in  bond  strength  could 
be  obt:  ine.  by  changing  tiie  we.-^e  design.  The  device  manu¬ 
facturing  line  w..s  converted  to  one  of  the  new  designs  which 
h;  s  U-mil  instead  of  r-  2-mil  bonding  width.  This  new  wedge 
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elinin.  tes  the  aeocnd  Lend  to  tne  pellet  -.ir'  results  in  a 
co ns idoi'.  Lie  approvement  in  tne  bonding  r.  Le. 

2b.  The  bonding  process  has  bejn  modified  to  :  ocemmodate  the  new 
wedge  design  end  tne  first  1,£0G  (app rex. )  units  fabricated 
have  been  used  in  the  electrical  screening  experiments.  The 
development  of  tnis  pr.<oess  is  considered  to  be  complete,  and 
i  iiwanuf'  cturing  process  .  a  been  demonstra  ted  widen  resulted  in 
si0nific.  nt.  i..pn  ve..snt  in  tending  sveugt.;. 

E.  Condu-  -  1,  Wire  from  Vendor  a  w.-a  seen  to  conform  mech mic..liy  to  thit  of 
sions  Vendor  A  in  tae  along-  tion  range  of  -  IS*.  This  elongation 

range  is  seer,  to  be  th.  t  ,»t  which  fewest  failures  are  produced 
and  which  is  oeat  workable  from  a  manufacturing  standpoint. 
Surface  cor.t  mi:  •  tion  on  "as  received"  material  was  not  sig- 
nal'ie  rtly  different  from  tin  t  of  "cle  .nod"  material  in  its 
effect  on  device  perform.. nee.  Work  in  this  aie^  is  complete. 

2.  T:  e  ...  r.i’f  cLrri:.,,  l*r.e  ,»  .o  L <  converted  to  -  new  Landing 
process  vl.icn  includes  n  impn  ved  we..  e  design.  Work  in  this 
.ro^  is  complete. 


VIII.  AREA  OK  WORK  -  RELIABILITY  hEAS'RSJJSM  ( E.  JACOBS,  A.  FOX) 

1  A.  Work  item  -  completion  of  1.  ;a,  II  1  e-fsjl  Experiments,  Including  tne  Addition 
i'd  Completion  of  S.  v.r  1  Ot».or  tre- Tests  r.ot  Ireviousty  mentioned. 
Completion  of  Volt  je  pits  Temperature  Stress  on  tiie  Uu.se  II 
Screen  E::j  .niment. 

B.  Abstract  -  Fig- re  1  s.:t«ws  .11  of  m.c  I...  :e  II  pre-teat  experinents,  including 

those  ad  ed  since  the  third  quarterly  report  was  issued.  Results 
.rf  shiun  in  Figures  2  through  10.  Figure  11  shows  the  Ihase  II 
experiments.  Fi  ures  12  V.  nuv..  1>  show  the  analysis  of  results 
to  d.te. 

C.  Purpose  -  1.  Tne  pre-tests  liste  1A  .a-ou  I.  IF  in  Figure  1  were  deeigned  to 

.  in'ic.  te  whether  a  .  0C°C.  or  2bO°C.  cake,  ranging  in  time 
from  200  ..ours  to  oCO  ..ours,  would  affect  the  mechanical 
strength,  of  the  geld  wire-tc-Fellet  cond.  This  would  indicate 
hew  long  a  voltage  pins  ta.iper  .ture  screen  could  be  run 
before  it  affected  meoh.  nic.  1  st  sngth. 

b.  ieterndne  '..tether  the  initial  suojecticn  of  the  devices  to 
IQ  Ku  centrifu  a  va  ul.  licet  a.  cir  subsequent  performance 

,.t  a  hit..ir.r  stress. 

Tl.e  pre-tests  listed  "A  t kroner  2E  were  run  to 

.  ,  provide  an  esi.ii..:  te  of  ..cooler,  tod  operating  life  failure 
rotas  prevailing  nuring  t..e  latter  ...  f  of  1$>o2.  This.  in 
turn,  would  ertbl..  us  to  ..  ke  an  efficient  selection  of 
r-  mple  sizes,  operating  life  tests  and  proper tienment  of 
simples  between  tests. 


FIGURE  1  -  PROPOSED  PRE-TEST  EXPERIMENTS. 


Approximate 
Number  of 
Devices 


*  *  #  *  # 


IB  -  125  300°C. . 

200  Hrs 

1C  -  125  - 

improved!  ID 

BOND 
DEVICES 
FROM 
PARTS 


C,  E,  G 
FIGURE  3 
AFTER  50  IE 
KG  CENT¬ 
RIFUGE. 


Centrifuge  as  Above  280cC. _ Centrifuge  as  Above 

112  Hrs 


Centrifuge  as  Above 


■Centrifuge  as  Above 


200°C.  _S&me  sequence  us  for  ID.  except  that  bake  temperature  is 
2 CO  Hrsl  20O°C.  instead  of  2b0°C. 

B 

•|No  Oven)— Same  sequence  as  for  ID,  except  that  all  bakes  are  omitted. 


2B  -  25 


2C  -  50 


l.o  Watts,  30  V. 
500  -  1,000  Hrs. 

1.U  Watts,  30  V. 
5Q0  -  1.000  Hrs. 

1.2  Watts,  30  V. 
>00  -  1,000  Hrs. 


Read  Igo,  lE0»  hpE  at  downtimes 
U8,  168,  500  and  1.000  Hours. 

Readings  and  Downtimes  si-me  as 
for  2A. _ 

Readings  and  Downtimes  same  as 
for  2A. 


2D  -  100 


1.0  Watts,  30  V. 
5oo  -  1,000  Hrs. 


Readings  and  DowntLiies  same  as 
for  2A,  'accept  U8-hour  omitted. 


2E  -  IOC 


0.8  Watts,  30  V. 
500  -  1.000  Hrs. 


Readings  ?rid  Downtimes  same  as 
for  2D. _ 


3A  -  Devices  from  .-md  1$ --Lours/ step 
Phase  I.  li 5  Volts  plus  Temperature. 


Devices  from  s; jiie  D-  te  Codes  ve,  but  not! 

previously  subjected  to  V.  ♦  Temperature. 

UA-  25  1.6  Watts,  30  V.  Read  Igo,  hflg, 

500  -  1, COO  Hrs. 


L.6  Watts,  20  V. 
1.000  Hrs. 


*  =■  Read  for  Opens  and 
Shorts . 
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3.  The  pre-test  listed  3A  was  to 

a.  determine  whether  those  devices  which  had  previously  showed 
stability  on  an  extended  voltage  plus  temperature  screen 
(stable  Phase  I  devices  from  Temperature  plus  Voltage  Step 
Stress  -  92  hour  and  192  hour  treads)  were  significantly  more 
stable  when  placed  on  1.6  watts,  1,000  hour  life  than  those 
devices  from  the  same  lots  which  had  not  previously  been  sub¬ 
jected  to  1*5  Volts  plus  temperature. 

U.  i*A  shows  a  3  minute  ON,  3  minute  OFF  cycled  1.6  watt  operating 
life  test.  The  purpose  of  this  test  was  to  determine  whether 
power  cycling  produced  a  significantly  larger  percentage  of 
legitimate  failures  than  non-cycling  (The  3  minutes  ON  time 
allowed  the  junction  temperature,  Tj,  to  arrive  within  9056  -  99% 
of  its  1.6  watt  steady  state  temperature). 

In  general,  these  pre-tests  were  performed  in  order  to  provide  more 
information  than  had  been  obtained  during  Phase  I,  because  of  the 
high  reliability  of  the  product. 

D.  Narrative  -  1.  Pre-Tests  to  Determine  the  Effect  of  Temperature  on  Mechanical 
and  Data  Strength  (Tests  la  through  IF). 

Figure  2  shows  the  results  on  standard  production  line  devices, 
manufactured  during  the  second  ana  tldrd  quarters  of  1962,  which 
were  taken  tiirough  experiments  1A  through  1C.  Only  op>ens  and  shorts 
are  classified  as  failures.  From  this  data  there  is  no  reason  to 
suspect  that  those  devices  which  were  previously  subjected  to  a  20 
KG  stress  experience  significantly  heavier  failure  rates  at  the  35 
KG  level  titan  those  devices  which  were  not  subjected  to  the  prior 
20  KG  stress.  Although  some  cases  give  .  contrary  indication  (5 
failures  in  lot  301*208,  which  included  20  KG  centrifuge,  against 
10  failures  in  lot  305111,  which  did  not  include  20  KG  centriftige), 
the  overall  results  -  20  KG  lots  versus  non-20  KG  lots  -  indicate 
no  significant  difference.  The  data  following  the  second  temperature 
stress  also  supports  this  argument:  no  further  failures. 

TI  e  d.  t-  also  indicates  that  tjicse  devices  which  received  oven 
stress  for  312  hours,  either  .  t  200°C.  or  at  260°C.,  are  apparently 
act  significantly  we.  ker  mechanically  than  those  devices  which  did 
net  receive  oven  stress. 

3.  tistic  1  results  supporting  tne  two  no-significance  contentions 
state  j  .  bove  are  ■  s  follows: 


FIGURE 
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PHASE  II  PRE-TEST  EXPERIMENTS 
EFFECT  OF  OVEN  STORAGE  ON  MECHANICAL  STRENGTH 
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WO  BY  WO  CONTINGENCY  TABLE  FOR  A  CHI  SQUARE  TEST  ON  THE  EFFECT  OF  20  KG 

PRE-CENTRIFUGE  ON  35  KG  MECHANICAL  STRENGTH. 


DEVICES  with  no 
FrtlOR  20  KG 
EAlEHIENCE. 

DEVICES  WITH 
PRIOR  20  KG 

EXP  5RIEN  GE  • 

MARGINAL 

TOTALS 

OBSERVED 

EXPECTED 

Gi  SERVED 

EXPECTED 

CUMULATIVE  NUMBER  OF 
DEVICES  FAILING  BY  (AND 
INCLUDlNu)  THE  35  KG, 

5  i-JKUTE  LEVEL 

<  r • 

L.C 

.'0 

16 

20 

Uc 

CUMULATIVE  ?ViijE.i  OF 
DEVICES  FAS  JIN  rY  (AID 

I  GLIDING)  Ti.E  35  hi, 

:  i-JNOTE  LEVEL 

lcll 

1v>Cj 

lei 

la? 

333 

IARGJNAL 

TCTALS 

lie 

If. 

T,  X  .L 

M  1  - 

‘.l|  - 

(5  )]  ; 

-  0.1-66 

Up  ♦  X'  i)(T?i  ♦  )(i'il  ♦  fi,;)V‘l.  ♦  T  .) 


S  re  .  T'sr  .  >r  e  c  «  f  ir-'i  v.i  r*  cw  ti-  1,  .  .  csx..»S  i\  t.  *  -v  KJ  device 

.  ilrr»:  r  Le  tc.  i.e  t...  p*  me  ,.r  Q.  t  »u*  0  Kj  ocvicec.  t.  *  is  a  oC>  cHcnce 

,i  o  !  i  •>:•!>  '  r  .n.-.  Fit*..  i-.r..i  re .  6  U.:*  c  u-  /  arc.  «(•  10?  point, 

Xa#lo  =  .  (1.  T  .ere. ere  •  r,: '  u  w  ••‘suits,  t..ere  is  m  r-.^ta  to  bcl.eve 

ti.  t  '  '  Uu  jre-.«tr<fs  i  uln  ucc.-  t.  3^  r.G  results. 

3i  11  vli’  iv-r  t. ■<;  i  .  (.  l  a  •  /  l’.-  ,  r-j-ir  tiv&p  cc  i  ditA  rl  r.t.  ior  300  Hours 

c  .  ec>.  1 1 . *  1  ti  'Aii., c* . « 


iLVloSS  WIT.;  NO 
OVE;;  PRE-STRESS 

DEVICES  WITH  200° 
C.  OVEN  FRE¬ 
SH  t  ESS 

IARGINAL 

TOTALS 

OBSERVE!) 

EXIECeS.) 

OBSERVE’} 

exi  sorer 

observed 

EUECfE! 

..U.  ULAUVE 
.•jvlLUR'IS  A  I’  Tn-S 
IG  LEVEL 

i5 

13«u 

11 

13.  U 

lii 

13.2 

Uo 

CUMULATIVE  N0N- 
.■•iILIlES  A  t  TITS 
3*.  Kj  LEVEL 

110 

111.. 

lly 

111.6 

icv 

1.9.6 

333 

i  A  i  jPGiL  TOTALS 

_ 

373 

-  1-U1 

Cai  rqiu  re  V  lias  slew  t.«  t  if  tHe  processes  .  re  identical  tl  eve  is  ■  35, « 
iroH-  oility  tir  t  the  beve  differences  woull  be  observed.  In  this  case, 

X**,  =  4.ol  for  two  de^reer  of  frecclon*.  THis  infers  tion  shows  at)cin  that  there 
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la  no  reason  to  believe  thut  oven  stressing  for  300  hours  will  influence  the 
performance  of  the  devices  at  35  KG.* 

Experiments  ID,  IS  and  If  are  similar  to  tl.e  experiments  just  described  except 
that  the  devices  used  were  fabricated  with  improved  wire  and  using  improved  bonding 
techniques,  r s  described  in  the  first  column  of  Figure  3,  the  results  table.  The 
conclusions  derived  here  do  not  conflict  with  tliose  shown  in  Figure  2.  Because  of 
the  improved  bonding  techniques,  however,  tl.e  failure  rates  are  either  small  or 
non-existent.  Note  that  a  total  of  over  6C0  hours  has  been  r  ccumulateo  on  these 
improved  devices,  with  only  the  double-bonded,  type  "C"  wire,  devices  showing  the 
effect  of  the  oven  hours. 

2.  Pre-tests  to  Determine  the  Performance  of  the  Froduct  on  Operating  Life 
Stresses  Above  the  Normal  lower  Rating  for  the  Device. 

Figures  U,  5,  6,  7  end  8  show  scatterbrains  of  Igo  at  60  v«  and  hyE  an 

presentitiom  Ig  •  1  mA.)  stability  over  1,C00  hours  of  1.6  W.,  l.U  Vf.,  1.2  W., 

1.0  V.  and  0*8  Watte  respectively,  (hnr  at  1  V.;  15 0  mA.  was  taken,  but  the  zero- 
hour  readings  were  found  to  be  invalid). 

Comparison  of  these  figures  indinates  that  no  significant  difference  exists  in 
the  Igo  and  hpg  shifts  observed  for  the  various  stresses.  The  difference  in 
percent  failure  between  stresses  is  not  significant  either,  no  matter  how  the 
failure  end-point  is  selected. 

3.  Pre-Tests  to  Determine  the  Effect  of  1.6  Watt,  1,000-hour,  Operating  life 
on  Devices  Which  liave  Shown  Stability  on  a  Prior  Long-Term  Voltage  Plus 
Temperature  Test  (Devices  from  Flu.se  I,  U5  V.  ♦  Temperature  Step-Stress, 

92  and  192-hour  treads,  versus  Controls  of  20  V.  ♦  Power,  1  and  k-heur  treads). 

Sea  Figure  5 •  The  1,000- hour  scattergrnm  of  Iqq  shows  no  significant  difference 
in  failure  rates  between  the  U5  V.  ♦  Temperature  devices  and  tl.e  "controls". 

Since  reject  analysis  has  not  yet  been  performed  on  the  devlees,  we  cannot 
establish  inversion  layer  troubles  as  tl.e  cause  of  failure.  Regardless  of  the 
problem,  however,  the  comparison  is  iscou raging,  since  it  would  indicate  that 
a  voltage  plus  temperature  screen  .'tight  not  l-e  effective  in  reducing  the  major 
cause  of  failure. 

Although  the  failure  r.  Aes  observed  lor  h  if  test  may  bo  co..p:.rsr-  to  one  another, 
they  slituld  net  be  comp;  re?  to  ftilure  r:  tas  existing  in  the  pre-tests  previously 
described,  unless  t.  :  Uct  t.  •  t  1.  esc  devices  were  cbtrined  ea:15er  is  taken  into 
account. 

U.  Fre-Tcets  to  Determine  the  Effect  of  Cycling  on  Reliability. 

These  devices  (Figure  1C)  and  the  devices  presented  in  Figure  1*  were  obtained  from 
the  same  production  lots.  Although  three  minutes  of  ON  cycle  will  allow  tl.e  case 
and  the  junction  of  the  device  to  reach  50^  -  5:#  of  its  steady-state  1.6  Watt 
value  -  eo  that  junction  temperatures  of  the  cycled  devices  are  close  to  those  of 


*  *  Note  that  this  information  is  not  in  conflict  with  information  given  in  the 
tldrd  quarterly  report,  which  st:  te..  that  tei^err.ture  a^ing  for  short  periods 
of  ti.,ie  (72  hours)  app eared  to  improve  the  mechanical  strength  of  the  device. 


niw  5  ‘dm  5C 


OSfV  CKY  OSM”-' 
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LOGARITHMIC  3M-12SG 
•rct’rriL.  *  CS9CR  CO.  iui  in 
a  x  a  cycle* 


GENERAL  ELECTRIC  COMPANY.  SCMf  NFCTADf.  N.  Y  .  U.S.A 


100X1  to  7’it.o  !r> 


rtf-KI-B  WMI  OfWttAl  tltCTHC  COMPANY  SCHPN rCTA L Y.  NY,  USA _ 100X140  7/100 


st*  ess  i  <sp.L, 
Ztsc* iprt  «a/;  //£ 
Sar* IpLt  Size  :  /ac 


re*  t0i/  Boones 


CBo  I Jc  »-*>•>!  /oeoHtS' 


J tic  Be  to  J  ft  *  »*'*'*' 


CO  I 
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the  non-cycled  devices,  there  was  no  significant  difference  in  failure  rates 
between  tne  two  tests.  Therefore,  since  the  If)  combination  used  ir.  the  collector 
cf  tne  life  test  circuits  (to  suppress  oscillation)  presents  a  potential 
transient  hazard  (a  15-V.  spike  on  tne  collector  was  seen  on  turn-off  of  the 
cycled  .svicss),  it  has  been  -ecideh  to  run  the  Fhc.se  II  devices  at  the  steady 
st.;te  so  that  neither  purpose* ly  nor  contir.ir  lly  will  they  be  exposea  to  this 
hi  rd. 


Fh<-  se  II  St- bus  -nd  Dat..  an;  lyseu. 


Electric  .1  [ ;  ’•  -.e1  or  st  bility  ■  nr  lyses  for  devices  ur.de  rL,oin_  the  Tenpert  tore 
wit!  B.  ck-Bi-  s  Volt-  •>  for  tain-  i;  r:  h-.a"  performed.  The  wits  ve  been  sub¬ 
jected  tc  ;  too  1  oi  '0  hour."  cf  aucii  .-:tress  -creenin,  -  muely.  ■  balanced, 
hoTOf eneou :  -■ -ssignment  tf  1*80  devices  eacl  tc  2C0°C.  vith  V.  and  to  280°C. 
with  k:  V,.  -.s  d . S'  riu,ed  in  the  third  qu  arter l,r  r_ i ert  under  th  Proposed  Fhcse 
II  Exx  trim  r.ts  (Fi  r  5B).  The  devices  ra  presently  under© cinu  the  stabilisation 
b..ke,  tc  ’.le  followed  ly  centrifuge-,  prior  to  extonded  multi- level  life  test.  An 
:  iiitic  n.l  hohiogeneous  g  roup  of  i.LO  ieviees  will  not  receive  •  r.y  pre-life  test 
stnss  norecrir.;.,  sc  th-  t  the  ef. ectiver.es  c  m '  efficiency  of  c.  a  temperature  with 
volt  nd  oc.rtrif’^e  screening  e.  n  he  ov.  listen  on  tie  life  testing  (See  Figure 
31  in  t.iiir  report). 

An'-lysc  s  b.  sad  on  the  effects  cf  'i\-  sours  cf  ‘temper-  turn  r.d  volt,  pa  show  devices 
from  both  stresses  h  h.  pr.de. in;  nil'  wail-  a.  \:v.  the  oh.  rb  ar.-d  graphs 
:i  IJ.cwi.1^  lise  •"■sicr  will  rv  .  1.  Re".  1*  .  ,  r  ;  b  ti«  -  ie  1  tjsTi.w  for 

.i  ;r.  ,.:e-  .wi.  r.  t..e  two  c.AIpBo  t  V.  (i.n.,  :  ritl-netic  shift 

i  ’Cm  irJt-i  i)  t  .  jc-r^ant.  ...  .  i  if  *ro«.  i.iiiu  1  Ur  I VCE^SAT)  ^BB.(3AT) 
w.:r  •  insi.t.;>i  .ic.  am. 

F1l  .ro  I4  1 1.0-ws  t.  r  d  t.  •  •vi'lh  v.’  i.  t  A  I.J30  t  .  ;.  Tide  is  «  dixtribution- 

frea  test  sod  or.  hue  ;•  >i..v  1  i  oi  tfou  ®bwser.  tve  1.  5  pendant  a:  .rqple  cuoulative 

;it-p  .v  r. '.tiers  (k-cvu  „  t.  .<=  Kc Lac vc v-&.d.rnc v  t.st). 

Fig-r  s  12  .-td  1'  rn  ■  1  t.  e  cxoillent  fi\  cf  A IgCO  0  1  The  t' il  of  the  lcp-nornal 

'".i'/ril"  ‘.101  for  •*c-'-vd.  wit*,  volt;;  a  n.‘<  for  .  wit..  vcltaLe  respectively. 

P.-t.  r  r!.  s..cw  \:e  pd  ,s  of  3hd.it  for-  "..  s  e  rl;  (<./-htur)  ana  t..e  1st  ('CC-hour) 
re  ■  .1 -oats,  E;i.  .cn  •‘••ion  of  t.*e.e  curves  mow  few  rxfre.iely  vsll-bshr.ved  ti.ese 
devices  ro;  vita  tc  ppr <o.i  hie  degr  c  tic.  .  Th.  a  ‘.cult. ted  least  sqr.:  re  line 
c;  .  tio-s.  i  ii .  hn  c.'-.icur  ;  n  ’  I  d-h.or.i-  r-  d-o-ts  -re  a  hewn.  T!  -  ..te:  r.  inf  str.ndard 
:vi  +Aona  re  tl  o’ t  ine .  from  the  ;'V  tic  ns.  I’.e  of  ti.cs  ■  pv.n  utter 
osti...-  ta.  11  .vs  /or  the-  pre  ;ie-tjon  ci  t.  .  i:cpovtior>  cf  dcvjces  lying  outei-.a 
<  rg-  chc  en  liul  of  IgBO  de^r;  tion.  i.e..  A  ICBO?  Inr  t-.'O  desi j~  ted  hours  on 
test. 

Figures  I5.  lo  *.  nd  1/  g.iow  tne  percentiles  vf  pencent.  a  a. lift  for  f  ^JE(SAT) 
and  Vy&iSkT)  reapcctd/cl"  for  ;ctl  f.cr.er  ati-eosts.  T..o  percentiles  cf  shift  for 
hbO  devices  par  ntresn  ;  re  f.-eM  tne  ls'>  tc  t.  u  i»yt..  percen'ile.  It  c<  n  be 

seen  here,  ag  iin;  that  riisiiv^  tne  tempsr;  ‘ure  frc.i  CCO°C.  to  280*0.  Ions  little 
effect  on  tlie  st.  l-ility  of  theoc  p.  r:  meters  for  the  20C  hours  of  testing.  However, 
st  tidtic;  lly  signifiot  nt  result  j  were  obt;inef  on  tl:e  t  n.. lysis  bt.sed  on  BVg0o 
p-ircer.tc.ge  siiiit.  Vf.ile  devices  fro.i  neither  strips  degiuded  (icuered  BVqqq),  the 
distribution  of  percenters  sliift  of  BVgyo  for  the  hd-hier  stress  (280*0.  with 
volte  /  e)  vas  si  ;nixi.ic  utly  .".®ro  to  t.»ie  ri.  i.t  on  t..e  peremte  ge  shift  :jtis.  Figure 
1?  contrasts  the  ;istojr-  «a  of  BV^qq  percai.it  ge  shift  for  loth  stresses  for  the 
early  .  nd  the  fate  ret  d-outs.  Above  tne  o.utog  rt  a,  the  ti  tle  and  t»e  results  of 
the  Kc luogorov-Sndrnov  two  s;  nipls  test  is  show-1.  Ti.e  reasons  for  t.:e  tendency  of 
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BVcbo  to  rise  more  sharply  for  the  higher  stress  cannot  as  yet  be  explained. 
Figure  18  contrasts  the  percentiles  of  percentage  shift  between  the  two  stresses. 

Analysis  of  the  Phase  II  program  will  continue  and  will  be  reported  later. 


Re:d  IcG,  hrE,  VCE(SAT),  VriE^SAT),  BVOEO. 
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FIGURE  U* 

Table  Showing  the  Cumulative  Percentages  and  Results  of  the  Statistical 
Testing  *  for  Significant  Differences  of  Distribution  of  Iqbo  Shift  from 
Initial  (AIcbo)  for  200°C.  Temperature  plus  Ip5  V.  Back  Bias  Stress  and 
260°C.  Temperature  plus  1*5  V.  Back  Bias  Stress  of  300  Hours  Duration. 

(Balanced,  homogeneous  sample  of  1*80  units  at  each  stress). 


Shifts  of  IgBO 
in  millimi croamps. 

5 

10 

20 

50 

100 

mu 

10,000 

100,000 

Percent  of  Units 

Shifting  that  indicated 
amount  or  less  for 

200°C.  ♦  1*5  v. 

9U.2 

95.0 

95.1 

95.6 

96.0 

98.75 

99.38 

99.8 

Tercent  of  Units 

Shifting  that  indicated 
amount  or  less  for 

260°C.  ♦  1*5  V. 

95.2 

95.8 

96.0 

96.7 

97.5 

99.38 

99.6 

99.8 

Absolute  Differences 
of  Cv.ulttive 

Percentages 

H 

0.6 

H 

H 

0.63 

0.22 

IttXIhtn.  DIFFERENCE 


**  5$  Criti  :•  1  /■  lue  -  9 
1C5  Critical  Value  -  8 

RESULT:  STATISTICALLY  INSIGNIFICANT. 

*  -  The  distribution  free  KoLi*>gorov-S.riirnov  test  based  on  maximum  deviation 
between  two  independent  sur.ple  cumulative  step  functions. 

**  -  Statistically  significant  at  tue  5*  critical  level  is  equivalent  to 
statinc  ti;.t  t.e  probability  of  obtaining  that  maxi,  urn  difference 
observed  unde’-  ti  e  ..s  sumption  of  no  distribution  differences  between 
the  p-  rout  populations  is  less  than  a  1  in  20  chance. 


FIGURE  15 


Percentiles  of  Percent?  ge  Shift  for  hjro  at  Vqe  “IV.;  Iq  -  150  m A.  Shown  for 
200°C.  with  US  V.  and  for  280°C.  with  U5  V.  at  Bach  Read-out  Time. 
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FI  ill  HE  16 

Percentiles  of  Percent’.  ,e  Shift  for  V(jeisa.T)  15  c  nd  150  :nA.  Shown  for 
2C0°G.  with  US  V.  nn<:  fcr  260°C.  with  1*5  V.  at  Each  Read-out  Time. 
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FIGURE  17 

Fercentiles  of  Percentage  Shift  for  VgE(s^x)  at  1 5  and  150  mA.  Shown  for 
200°C.  with  1*5  V.  and  for  280°C.  with  1*5  V.  at  Each  Read-out  Time. 
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FIGURE  18 


Fercentiles  of  *ercenti..;e  Shift  for  BV^bo  at  100  uA.  Shown  for 
2('0°C.  with  1*5  V.  and  for  280°C.  with  1*5  V.  at  Each  Read-out  Time. 
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E.  Conclu-  -  Pre-tests  performed  to  date  have  indicated  that* 
sions 

1.  Six  hundred  hours  of  200°C.  to  280°C.  produces  no  significant 
mechanical  degradation  of  the  device  (degradation  defined  here 
as  an  open  or  short  after  35  KG  centrifuge).  As  a  result  of 
this  pre-test,  both  200°C.  with  voltage  and  280°C.  with  voltage 
are  being  used  as  screening  tests  in  Phe.se  II. 

2.  No  significant  difference  in  35  KG  mechfnical  strength  exists 
between  those  devices  which  had  previously  been  stressed  at 
20  KG  and  those  which  had  not. 

3.  No  significant  difference  in  failure  rates  was  observed  between 
the  0.8,  1.0,  1.2,  1.1*  and  1.6  Watt  stresses.  This  means  that 
either  there  is  no  difference  or,  more  probably,  that  the 
sample  size  used  was  not  large  enough  to  detect  the  existing 
difference.  It  is  interesting  to  note  that  devices  operating 

it  the  1.6,  l.li  2nd,  to  some  extent,  at  the  1.2  Watt  levels 
i  re  actually  operating  in  thermal  runaway.  The  base  lead  of 
such  a  device  is  open  (because  of  the  back-biased  diode  in  the 
life  test  circuit  base  connection),  and  the  device  is  "trans- 
isting"  because  of  thermally-generated  base  carriers.  Since 
each  device  appears  to  seek  its  own  power  level,  it  is  necessary 
to  take  periodic  on-rack  measurements  of  power  and  voltage  on 
each  device. 

I4.  There  was  no  significant  difference  in  1.6  Watt,  l,OCO-hour, 
failure  rite  between  those  devices  which  hid  successfully 
passed  an  extended  voltige  plus  temperature  screen  and  tliose 
devices  which  1  id  not  been  subjected  to  the  screen.  This  offers 
some  preliidn;  ry  indie:  lion  that  voltage  ind  temperature  may 
not  be  ;  n  effective  screen  for  t;  is  type  of  device.  Pha  se  II, 
however,  should  provide  a  better  indication  of  this. 

5.  Since  the  cycled  test  offered  no  evidence  of  higher  failure 
rates  than  the  non-cycled  test,  and  since  there  is  somewhat 
of  a  voltage  transient  problem  on  the  operating  life  racks, 

Fhase  II  tests  will  be  conducted  in  the  steady  state. 

F.  Program  -  Continuance  of  the  program  proposed  in  the  third  quarterly  report, 
for  next 

Quarter 


IX.  AREA  OF  WORK  -  INSPECTION  AND  QUALITY  CONTROL  FUN. 

1  A.  Work  Item  -  Inspection  and  Quality  Control  Manual. 

B.  Abstract  -  During  this  work  period,  Irocess  Flow  Diagrams  were  coded  for 
cross-reference  to  internal  document  identification.  Sections 
1  and  II  of  the  Mar.ur  1  were  completed.  Three  copies  of  the 
Manual  were  forwarded  to  tne  Electronics  Materiel  Agency  for 
approval. 


C.  Purpose 


F.  Program 
for  next 
Quarter 
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-  The  Inspection  and  Quality  Control  Manual  outlines  the  total  Quality 
Control  plan  to  be  implemented  during  the  production  run  phase  of 
this  contract. 

-  Complete,  and  revise  where  necessary,  all  documentation  required  for 
the  implementation  of  the  Inspection  and  Quality  Control  plan. 
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1.  ABSTRACT 

Passivation. 

This  phase  of  the  contract  la  complete.  Iraluatlon  raaulta  are  reported  below. 

Kl^h  Temperature  Main  Sealing. 

This  phase  of  the  contract  la  complete,  with  a  production  capacity  of  1,200  units  per 
hour  attainable  without  automatic  cap  loading. 

Experimentation  and  Iraluatlon. 

A  statistically  designed  experiment,  involving  U00  units,  to  analyse  the  rotary  cap 
welder  is  in  progress.  The  experiment  is  based  on  the  results  of  the  encapsulation 
experiment  and  is  aimed  toward  optimization  of  gas  flow  rate  with  respect  to 
reliability. 

The  evaluation  of  the  automatic  passivation  experiment  reveals  that  there  is  no 
significant  difference  between  the  automatic  system  and  the  prototype.  The  automatic 
system  is  therefore  recommended  for  installation  in  the  production  line.  During  the 
experiment,  it  was  determined  that  a  high  temperature,  back-bias  voltage  (200°C.j  k5  V. 
Vqb)  screen  gives  statistically  significant  results  in  permitting  early  detection  of 
ICBO  up-shifters  on  high  power  life  tests.  It  was  also  determined  that  250°C.  and  300°C. 
storage  produce  failures  in  the  bulk  which  degrade  the  breakdown  voltage.  Power  failures 
are  surface-connected. 

Characteristic  Distribution. 

Weekly  parameter  distributions  of  fhfb.  hrb,  hob,  NF,  V&,  Cob,  hfe  (*25?C,  and  -55°C.), 
BVcbo,  BVjbq,  ICBO  (♦25°C.  and  ♦150°C.)  are  included  for  weeks  1  through  20  of  1963. 
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2.  PPRPOSB 

The  purpose  of  the  Production  Ingineering  Measure  Program  ie  to  improve  the 
production  techniques  on  the  Silicon  Grown  Diffused  Transistor  type  2N336,  with 
a  maximum  failure  rate  of  O.OUf  per  1,000  hours  at  a  90%  confidence  level  at  2$°C. 
ae  an  objective. 

In  the  fabrication  of  semiconductor  devices  there  are  inevitably  critical  process 
steps  which,  due  to  process  variability,  exert  an  influence  on  test  yields  and  also 
on  long  range  reliability.  In  order  to  achieve  the  reliability  objective  of  this 
program,  two  key  process  steps  have  been  singled  out  to  maximize  process  control. 

By  redesign  of  initial  production  equipment  in  these  two  areas,  the  latest 
processing  techniques  can  be  incorporated,  while  minimizing  process  variability, 
and  at  the  same  time  greatly  increasing  production  capability.  The  two  specific 
work  areas  referred  to  above  are  Surface  Passivation  and  High  Temperature  Main 
Sealing. 

The  objectives  of  this  report  are  now  noted. 

2.1  PASSIVATION 


Installation  of  equipment  which  will* 

1.  Permit  the  incorporation  of  the  latest  processing  techniques. 

2.  Minimise  process  variability. 

3.  Increase  production  capability. 

2.2  HIGH  TEMPERATURE  MAIN  SEALING. 

Installation  of  main  seal  welding  equipment  which  will  meet  the  process  requirements, 
defined  as  necessary  to  achieve  highly  reliable  device  performance,  and  which  will 
also  provide  for  volume  production. 

2.3  BPERIM1NTATI0N  AND  EVALUATION 


2.3.1  Reliability  Experiment, 

Determination  of  the  reliability  of  the  automatic  passivation  process  versus  the 
prototype  method. 

2.1i  CHARACTERISTIC  DISTRIBUTIONS 

The  establishment  of  a  system  to  monitor  the  electrical  parameter  distributions  on  the 
UJDI4C  line  where  the  2N336  is  produced. 

3.  NARtMLTIVE  AND  DATA 

3.1  PASSIVATION 


The  automatic  passivation  equipment  was  installed,  as  reported  in  the  second 
quarterly  report,  and  the  evaluation  of  the  equipment  is  reported  below. 
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32  HIGH  TEMPERATURE  MAIN  SEALING 

Analysis  of  the  high  temperature  main  sealing  process  is  in  progress. 

A  total  of  U00  devices,  fabricated  over  a  period  of  several  weeks,  has  been  encapsulated 
using  both  the  new  rotary  cap  welding  design  and  the  present  standard  encapsulation 
system.  The  high  temperature  and  the  duration  of  purging  time  are  maintained  for  both 
systems  at  constant  levels,  as  established  from  previous  experimentation. 

Three  levels  of  gas  flow  rate  will  be  used  for  the  rotary  welder  to  establish  an 
optimum.  All  other  materials,  process  steps  and  equipment  preceding  and  following 
encapsulation  have  been  kept  identical,  The  units  have  been  identified  so  that  the 
period  of  production  as  well  as  the  encapsulation  system  (and  the  different  flow 
rates  for  the  rotary  system)  can  be  established. 

All  units  will  be  processed  through  a  temperature  and  back-bias  voltage  screen  and 
put  on  an  extended  accelerated  power  life  test 

Results  from  this  experiment  will  be  reported  in  due  course. 

Since  the  production  rate  of  1,200  units  per  hour,  as  presented  in  the  proposal,  is 
attainable  without  automatic  cap  loading,  this  phase  of  the  process  has  been  dropped. 

3  3  EXPERIMENTATION  AND  EVALUATION 

ihe  following  pages  contain  the  report  on: 

33-1  RELIABILITY  EXPERIMENT 

OBJECTIVE. 


Ihe  primary  purpose  of  the  Passivation  Experiment  is  to  allow  a  valid  comparison  to 
be  made  between  the  new  automated  surface  passivation  system  (as  described  in  previous 
reports)  and  a  prototype  of  the  proposed  system  (referred  to  as  the  standard 
passivation  system) ,  The  comparison  will  be  based  on  the  reliability  and  distribution 
performance  on  accelerated  power  and  temperature  storage  conditions  for  devices 
processed  through  both  passivation  systems. 

A  secondary  purpose  is  the  demonstration  of  the  effectiveness  of  a  short  time 
(100  hours)  of  1005J  stress  screening  of  temperature  (200°C„ )  with  back-bias 
collector  voltage  (U5  V.)  in  culling  out  potential  n-inversion  failures  on  long¬ 
term  high  power  tests. 


EXPERIMENT  DESIGN. 


A  total  of  500  devices,  fabricated  over  a  period  of  several  weeks,  is  used  in  this 
experiment.  All  material,  process  steps  and  equipment  used  in  fabrication  are 
identical,  except  for  the  passivation  processes .  The  passivation  procedure,  using 
both  systems,  has  been  performed  at  several  production  periods  to  assure  adequate 
replication  of  the  experimental  design 

Figure  1  shows  how  the  devices  are  allocated  throughout  the  experiment  in  a  balanced 
fashion.  Thus,  the  design  reduces  to  a  replicated  23  full  factorial,  viz.  3  variables, 
each  at  two  levels,  as  shown  in  the  figure. 


h 


AUTOMATIC 

PASSIVATION 


STANDARD 

PASSIVATION 


SCREENING  CONDITIONS.  LIFE  TEST  CONDITIONS. 


200°C . ;  U5  V.  VCB  POWER: 

for  100  Hours. 

760  mw.;  30  V.  Vqbj  25°C.  ambient  temperature 
Stabilization  Bake  Emitter  current  cycled  50  minutes  ON,  10  minutes  OFF. 

50  Hours. 

STORAGE: 


2£0°C.  ambient  temperature. 


Minimum  1,000  Hours. 


FIGURE  1  -  EXPERIMENTAL  DESIGN 
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TEST  CONDITIONS  AND  MEASUREMENTS. 


All  devices  are  measured  initially  and  parameter  screened  before  being  considered  as 
experimental  potential,  i.e.,  Iqbq  30  V.  Vcb*50  muA,  and  IcEO  25  V.<100  muA. 

This  is  followed  by  a  100-hour  stress  screen  of  temperature  (200OC.)  with  back-bias 
collector  voltage  (U5  V.)  apjlied  to  a  random  balanced  half  of  the  total  devices. 

The  stress-screened  units  are  parameter  screened  and  subjected  to  a  50-hour  stabilization 
bake,  then  parameter  screened  again. 

Both  stress-screened  and  non-stress-screened  devices  are  then  divided,  again  in  a  random 
balanced  manner,  between  a  1,000-hour  accelerated  power  test  (760  mw.j  30  V.  Vqb;  25°C. 
ambient  temperature  with  emitter  current  cycled  50  minutes  ON,  10  minutes  OFF)  and  an 
accelerated  temperature  storage  test  (250°C.). 

(The  life  testing  of  automatic  passivation  units  is  to  be  extended  to  provide  further 
information,  depending  on  socket  availability). 

CONCLUSIONS  AND  RECOMMENDATIONS. 


Statistical  analyses  (both  on  an  attribute  and  on  a  variables  basis)  comparing  the 
two  passivation  systems  showed  no  statistical  significance,  either  during  stress 
screening  or  during  extended  accelerated  power  and  temperature  storage  tests. 

Tables  1,  2  and  3  show  the  percentiles  of  Iqjjq  leakage,  h^j  percent  shift  from  initial 
reading  and  BVqbo  degradation  respectively  for  different  combinations  of  passivation 
system,  stress  screening  and  accelerated  life  test.  In  the  case  of  stress-screened 
units,  "initial"  reading  is  the  reading  after  the  stabilization  bake,  inmediately 
prior  to  life  test.  The  data  is  shown  for  each  successive  readout  time  on  the  accelerated 
life  tests. 

Table  U  and  Tables  5,  6  ^nd  7  show  the  Contingency  Tables  and  summarized  Chi-square 
test  results.  These  demonstrate  statistically  significant  differences  (at  the  0.05 
level)  between  stress-screened  and  non-stress-screened  product  and  the  different  life 
tests  both  on  an  attribute  (Table  1*)  and  on  a  variables  (Tables  5,  6  and  7)  basis, 
while  non-statistically  significant  results  are  obtained  between  the  two  passivation 
systems. 

Figure  2  demonstrates  the  very  positive  correlation  between  IgBo  "up-shifters"  on 
short-term  (100  hours)  temperature  plus  back-bias  voltage  screening  and  long-term 
(1,000  hours  or  more)  accelerated  power  testing.  This  correlation  is  not  evident 
between  temperature  and  back-bias  screen  and  accelerated  temperature  storage  life 
test,  as  can  be  seen  m  Figure  3. 

Reject  analysis  reveals  that  the  failures  on  250°C.  storage  life  test  show  an  extreme 
breakdown  voltage  degradation  which  is  very  much  time-dependent  as  well  as  temperature- 
dependent,  and  independent  of  temperature  and  back-bias  voltage  screening.  Weibull 
plots  of  failure-in-time  give  a  slope  (£)  of  1,  showing  a  constant  failure  rate.  For 
250°C.,  this  degradation  occurs  in  the  neighborhood  of  1,000  hours;  raising  the  temperature 
to  300°C.,  for  example,  will  more  than  halve  the  time  at  which  degradation  occurs. 

These  failures  are  not  recoverable  on  re-etching  and  appear  to  exhibit  a  non-surface 
phenomenon. 

The  few  failures  occurring  on  the  760  mw.  life  test  (in  the  neighborhood  of  l£)  are 
recoverable  on  re-etching,  however,  and  appear  to  be  of  the  surface  contamination  type. 
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RECOMMENDATION ■ 

Based  on  the  results  of  this  experiment,  the  new  automatic  passivation  system  is 
recommended  for  installation  in  the  production  line. 

TABLE  1 

10,  50  and  90  Percentiles  of  Iqro  ^  VCB  “  30  V.  at  Initial  (Value  after  Bake  for 
screened  units)  and  after  20,  loO,  500  and  1,000  Hours  of  Accelerated  Life  Testing. 


ACCELERATED  POWER 

(?60  mw.;  25°C.  ambient  temperature;  cycled  emitter 

current 

,  50  min.  ON,  10  min.  OFF). 

SCREENED 

UNSCREENED 

LIFE  TEST  HOURS 

LIFE  TEST  HOURS 

I nit  20  160  500  1000 


10,-6 

Auto  ran  tic 
Passivation  506 
System 

906 

0 

2 

9 

10.6 

0 

Standard 

Passivation  506 

2 

System 

90/6 

13 

19  15 


1?  17  3b 


1000 

1 

muA. 

10 

muA. 

13b 

muA. 

2 

muA. 

8 

muA. 

58 

muA. 

ACCELERATED  TEMPERATURE  STORAGE 

(250°G.) 


SCREENED 


LIFE  TEST  HOURS 


I nit  20  16C  500  1000 


105?  0  0  0 

Automatic 

Passivation  50/6  2  3  2  2  2 

System 

9056  10  13  8  8  15 


10*  0  10  0 

Standard 

Passivation  50/6  2  3  2  2  2 

System 

90/6  16  29  12  10  12 


2  2 
15  13 


TABUS  2 


10,  SO  and  90  Percentiles  of  4  Shift  from  Initial  (Value  after  Bake  for  screened 
units)  at  V^g  ■  5'V.j  Iq  *  1.0  mA.  at  20,  160,  500  and  ljOOO  Hours  of  Accelerated 

Life  Testing 


(760  i:w.;  2 

ACCELERATED  POWER 

5°C.  ambient  temperature;  cycled  emitter 
current  50  min.  OH,  10  min.  OFF). 

SC.tEENED 

UNSCREENED 

LIFE 

TEST 

HOURS 

LIFE  TEST  HOURS 

20 

IOC 

Sou 

1000  1 

20 

160 

5oo 

1000 

10,4 

3 

i) 

9 

u 

2 

~2U 

r' 

P 

-h 

Automatic 

I  assiv.ition  5o4 

12 

16 

23 

17 

10 

15 

25 

16 

System 

904 

19 

2b 

5o 

2  b 

20 

33 

16 

35 

10:4 

0 

0 

0 

-U 

2 

m 

8 

1 

Standard 

H 

Passivation  5o4 

13 

15 

29 

lli 

H* 

21 

16 

3ys  tem 

M 

904 

21 

•^4 

33 

2d 

26 

1 

U 

31 

ACCELERATED  TEMPERATURE  STORAGE 

U50JC.) 

SCREENED  | 

UNSCREENED 

LIFE  'TEST  HOIEsj 

LIFE  TEST  HOURS 

20 

160 

500 

ess 

20 

160 

5oo 

1000 

10,4 

-2 

~2L 

-30 

-36 

-25 

-33 

-1*3 

Automatic 

Passivation 

50,4 

5 

.  2 

“4 

-10 

3 

-o 

-5 

-12 

System 

904 

13 

18 

22 

2li 

13 

18 

38 

1*6 

104 

-2 

-23 

■  33 

-39 

m 

-27 

-31 

-36 

Standard 

Passivation 

504 

5 

_.o 

-6 

-12 

'i 

“4 

-6 

-11 

System 

90-4 

21 

12 

20 

17 

15 

23 

_ 

22 

TABIE  3 


10,  50  and  90  Percentiles  of  BVqjjq  at  Iq  -  50  uA„  at  Initial  (Value  after  Bake  for 
screened  units)  and  After  20.  160  500  and  1,000  Hours  of  Accelerated  Life  Testing. 


ACCELE.iATED  POWER 

(760  mw.,  25°0 ..  ambient  temperature, 
current  50  min.  ON, 

cycled  emitter 

10  min.  OEF) . 

SCREENED 

UNSCREENED 

Lire  TEST 

HOURS 

Lire  TEST  HOURS 

Init 

20 

160 

Lzoo. 

1000 

Init 

20 

160 

500 

1000 

10.2 

ui 

Si 

63 

L  j 

64 

76 

75 

77 

79 

77  V. 

A  a  to m.  tt  it 

Fissivntior.  50.2 

1,0 

1 32 

13a 

lli 

13o 

111* 

115 

116 

118 

122  V. 

System 

90'S 

162 

iol 

166 

161 

161 

152 

152 

193 

159 

159  v. 

10'S 

70 

71 

0* 

tl 

6- 

66 

66 

76 

77 

76  V. 

Standard 

Passivation  5  0:2 

122 

3 

135 

-L£ 

1 2o 

116 

120 

123 

121* 

123  v. 

System 

90;S 

109 

lb  9 

170 

lo9 

13  9 

162 

102 

162 

162 

162  V. 

ACCELERATED  IE.-J-ERATURE 
(250°C.  ) 

STORAGE 

SCREENED 

UNSCREENED 

Lire 

TEST 

HOURS 

LIFE  TEST  HOURS 

Irut 

20 

loO 

500 

1000 

Init 

20 

160 

500 

1000 

iC'/S 

93 

9L 

90 

67 

1 

80 

be 

76 

51 

27  v. 

Automatic 

Passivation  60v2 

12  4 

127 

118 

120 

ill 

129 

118 

110 

102  V. 

System 

90% 

178 

178 

179 

175 

I'jC 

lol 

io2 

I60 

158 

155  v. 

10 % 

**6 

8a 

63 

?9 

59 

80 

63 

62 

77 

39  V. 

Standard 

Passivation  5o;2 

128 

128 

130 

125 

-09 

122 

126 

127 

116 

Ill  V. 

System 

90* 

16  3 

161* 

j.6  3 

16O 

159 

165 

165 

161* 

161* 

151*  v. 
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TABUS  U 

Two  by  Two  Contingency  Tables  on  Failures  Showing  Chi-Square  Test  Results 
Comparing  Separately: 

A.  Automatic  versus  Standard  Passivation. 

B.  Stress-Screen  versus  Non  Stress -Screen. 

C.  Accelerated  Power  Life  Test  versus  Accelerated  Temperature  Storage  Life  Test. 


A. 

AUTOMATIC 

PASSIVATION 

STANDARD 

PASSIVATION 

MARGINAL 

TOTALS 

No.  of  Non- F-. :  o.ed  Devices 
No.  of  Failed  Dunces 

ibc 
.  ^ 

205 

6 

387 

16 

211 

■»ry 

9.  STATISTICALLY  INSIGNIFICANT 

B. 

STRESS 

SCREENED 

NON-STRESS 

SCREENED 

MARGINAL 

TOTALS 

No,  of  Non-Failed  Devices 

mam 

M 

cc 

0 

387 

No.  of  Failed  Devicss 

Wmmmi 

±2 

16 

L  m 

192 

U03 

Calculated  Chi -Sq.,  ire  -  u.rZ 

5£  Critical  Chi  Squire  (1  degree  of  Freedom)  -  Jt»8u 
STATISTICALLY  SIGNIFICANT  AT  THE  0.05  LEVEL. 


C, 

POWER 

STORAGE 

MARGINAL 

TOTALS 

No.  of  Non- Failed  Devices 

i93 

W 

No.  of  Fmed  Devices 

Marginal  Tot  .is 

19o 

■ 

mfim 

Calculated  Chi  Squu- 

5,i  Critical  Chi  Square  (i  de  ree  of  Freeo^n.)  .<  64 
STATISTICALLY  SIGNIFICANT  AT  THE  0.05  LEVEL. 


*  1  Failures  are  defined  as  thooe  devices  which  exceed  1  uA.  for  IgBO  at  VgB  *  30  V. 
cn  Life  Test. 

All  devices  have  passed  the  multi  parameter  (IcBO  and  IcEo)  screening  criteria. 

"Statistically  sLgraf'.  :  mt  -t  tne  0#05  level"  is  equivalent  to  stating  that  the 
probability  of  observing  a  break-up  between  failures  and  non-failures  under  the 
assumption  of  no  difference  between  the  ’wo  types  of  devices  is  less  than  a  1  in 
20  chance. 
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TABLE  5 

Contingency  Tables,  Shewing  Chi  Square  Test  Results  Comparing  the  30-V.  Vqb  IcbO 
Distribution  Separately  for: 

A.  Stress-Screened  versus  Non  Stress- -Screened . 

B.  Accelerated  Rower  Life  Teot  versus  Accelerated  Temperature  Storage  Life  Test. 
After  1-000  Hoirs  on  Lite  Test. 


A. 

STRESS • SCREENED 

NON  -  ST.iESS-  SCREENED 

MARGINAL 

TOTALS 

Frequency 

Class 
muA . 

Observed 

Expected 

Observed 

Expected 

>0  4  j 

i  ■  u 

iy?  ?» 

llL 

126-7 

266 

>3  *  10 

.  \ 

20  y 

A 

19.1 

UO 

>10  *  50 

<1  c. 

i'u  o 

?b 

31.  U 

66 

>  50  f  10GC; 

'■  -k 

iii 

7.6 

16 

>  1000 

i  « L 

ii 

“7 

'  .  c 

15 

Mir  gin  1  Tctuxs 

_al 

H03 

Calculated  Ghi-Squate  -  I5„b 

1%  Critical  Cl  a  -Squ  .re  (a  dr  -r-.-es  vf  Freedom)  ••  13-3 
HIGHLY  SIGNIFICANT. 


B. 

Frequency 

Class 

m.u\ . 

ROWER 

STO.iAGE 

MARGINAL 

TOTALS 

Observed 

Expected 

Observed 

Expected 

>  ( >  £  5 

103 

1l9  .  a 

to.. 

13o.o 

2o6 

>  5  4  -0 

13 

13.4 

la 

20  o 

Lo 

>il  -  5u 

5o 

32  a 

io 

33-9 

66 

>50  £x000 

ii 

7.6 

c 

8.2 

16 

» lUOO 

7  -  3 

7.7 

15 

Marginal  Totals 

19c 

‘  '“.'i 

C  v/  ' 

1|03 

C-;lc._i.ated  Chi -Square  •=  LG-7 

~i%  Critical  Gh..  Square  fa  degrees  of  Freedom)  Id. 3 
HIGHLY  SIGNIFICANT. 


All  devices  have  passed  tee  multi  parameter  (IcBO  anc*  TcEO)  screening  criteria. 

"Higniy  significant  at  the  1 %  level"  is  equivalent  to  stating  that  the  probability 
of  observing  a  break-rp  between  frequenty  classes  under  the  assumption  of  no  difference 
between  +  he  two  types  oi  devices  is  in so  than  aim  100  chance. 
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TAB  IE  6 

Contingency  Tables,  Showing  Chi-Square  Test  Results  Comparing  the  hflg  Percent 
Shift  from  Initial  life  Test  Value  at  Vq£  ■  5  V.j  Iq  ■  1.0  mA.  Distribution 
Separately  fors 

A,  Stress-Screened  versus  Non-Stress-Screened. 

B.  Accelerated  Power  Life  Test  versus  Accelerated  Temperature  Storage  life  Test. 

After  1.000  Hours  on  Life  Test. 


A. 

STRESS-SCREENED 

NON-STRESS-SCREENED 

MARGINAL 

TOTALS 

Frequency 

Class 

% 

Observed 

Expected 

Observed 

Expected 

> 

•  lo 

4L 

7 

-.3 

5 

5.7 

12 

30 

•Uo 

10 

12.6 

1U 

ll.U 

2U 

-20 

-30 

20 

19.3 

17 

17.7 

37 

•  10 

-20 

25 

22.5 

18 

20.5 

U3 

0 

-10 

2  b 

26.7 

23 

2U.3 

51 

0 

♦10 

33 

35-0 

3U 

32.0 

67 

♦  10 

♦20 

U7 

UU.5 

38 

Uo.5 

85 

♦20 

+30 

28 

2U-1 

18 

21.9 

U6 

+30 

♦Uo 

5 

8.9 

12 

6.1 

17 

♦Uo 

8 

11.0 

13 

10.0 

21 

Marginal  Totals 

211 

_ m _ 

U03 

Calculated  Chi-Square  =*  9.2 

10.£  Critical  Chi-Square  (9  degrees  of  Freedom)  *  lU-7 
STATISTICALLY  INSIGNIFICANT. 


B. 

FCWER 

STORAGE 

MARGINAL 

TOTALS 

Frequency 

Class 

% 

Observed 

Expected 

Observed 

Expected 

> 

•  Uo 

£ 

0 

5-8 

12 

6.2 

12 

-30 

-Uo 

0 

11.7 

2U 

12.3 

2U 

-20 

-30 

i 

18.0 

36 

19.0 

37 

- 10 

-20 

0 

20.9 

37 

22.1 

U3 

0 

"10 

12 

2U.8 

39 

26.2 

51 

0 

♦10 

39 

32.6 

28 

3U.U 

67 

♦10 

♦20 

79 

Ul-3 

6 

U3.7 

85 

+20 

+30 

38 

22. U 

8 

23.6 

U6 

+30 

♦Uo 

12 

6.3 

5 

8.7 

17 

+U0 

9 

10  2 

12 

10.8 

21 

w> 

207 

HHiH 

Calculated  Chi-Square  -  193-0 

1%  Critical  Chi-Square  (9  degrees  of  Freedom)  -  21.7 
HIGHLY  SIGNIFICANT..  _ 
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TABIE  7 

Contingency  Tables,  Showing  Chi-Square  Test  Results  Comparing  the  BVqbo  (Ic  *  50  uA.) 
Distribution  Separately  for: 

A.  Stress-Screened  versus  Non-Stress-Screened. 

B.  Accelerated  lower  Life  Test  versus  Accelerated  Temperature  Storage  Life  Test. 
After  ioOOO  Hours  on  Life  Test. 


A. 

STRE3S-SC KEENED 

NON-STRESS-SC KEENED 

MARGINAL 

TOTALS 

Frequency 

Class 

V,. 

Observed 

Expected 

Observed 

Expected 

>  £ 

o  Uo 

9.U 

mm 

8.6 

■9 

iiO  60 

25.1 

wm 

22.9 

EBB 

80  120 

72.6 

66.2 

120  160 

65-9 

76.1 

160  200 

15.7 

Hi. 3 

BBS 

200 

'  ’ 

2.1 

BE 

1.9 

ilirgin.il  Totals 

211 

!  192 

Cal  al  .ted  Clii-Sqa  ire  =  9.6 

10,6  Critic  .1  Chi  Sqa  .re  (5  decrees  of  freedom)  -  9-2li 
56  Critical  Cia-Squ ire  (5  degrees  of  freedom)  *  11.1 
STATISTICALLY  SIGNIFICANT  AT  TriE  106  LEVEL. 


B„ 

FOWSR 

STORAGE 

MARGINAL 

TOTAIS 

Frequency 

CxlSS 

V, 

Observed 

- 

Expected 

Observed 

Expected 

>  £ 

o  ho 

b 

i 

6.6 

-L. . 

9.2 

18 

he  bo 

20 

23-3 

26 

2li.7 

U8 

CO  120 

00 

07  ,o 

75 

71.1* 

139 

120  160 

56 

79.6 

66 

81i.2 

16U 

160  200 

17 

lit. 6 

13 

15.  U 

30 

200 

2 

1.9 

2 

2.1 

,  k. 

Marginal  Totals 

W£~ 

207 

C03 

Calculated  Chi-Square  -  23.2 

Critical  Chi-Square  (5  degrees  of  Freedom)  ■  15.1 
HIGHLY  SIGNIFICANT., 


m 

I'* 


8 

r-\ 


S  £  h 

S  ^ssj,  9J7J  ©Sbjo^c: 

ajn^BJ9dui9i  P9^BJ9X900V  sjnOH  OOOI  *yu  u*  (*a  OC)  OqOT 
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3.1*  CHARACTERISTIC  DISTRIBUTIONS 

The  attached  report  gives  the  weekly  parameter  distributions  of  BVjggo,  BVqbq*  hfe> 

ICBO  at  25°C.  and  150°C.,  and  hfe  at  -55°C.  As  stated  in  the  last  report,  current 
gain  hfd  has  been  recorded  rather  than  hf^,  and  BVguo  at  Ig  *  100  microamperes  has 
been  recorded  rather  than  Ijjbo  Vjjb  *  1  Volt. 

The  Quality  Control  Report  describing  the  quality  practices  exercised  by  the  General 
Electric  Company  in  the  construction  of  2N336  transistors  for  the  U.S.  Arny  Electronics 
Materiel  Agency  was  sent  to  the  Agency  on  2-19-1963.  A  request  for  additional  forms  was 
filled  on  lt-12*1963.  The  manual  will  be  used  when  the  production  run  is  begun. 


1^X140 


PARAMETER  DISTRIBUTION  BI  WEEK 
1943  -  UDliC  LIUS,  (2U’3:2,2J1333,2f335,2E336) 
ELECTRICAL  MEASUREMENTS  PER  HUT  1$$00/}U 
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li.  CONCLUSIONS 

The  passivation  experiment  has  shown  that  the  automatic  equipment  is  not  significantly 
different  from  the  prototype,  and  its  installation  in  the  production  line  is  fully 
justified.  The  reliability  study  performed  during  this  experiment  has  shown  a 
significant  statistical  difference  between  those  units  which  have  been  subjected  to 
a  temperature  and  back-bias  voltage  screen  and  those  which  have  not.  This  screen 
has  the  ability  to  remove  the  potential  Iqbo  up-shifters  on  both  power  and  operating 
life  tests.  The  failure  mechanism  appears  to  be  surface-oriented.  High  temperature 
stresses  of  250°C.  and  300°C.  appear  to  produce  bulk  failure  mechanisms  which  are 
irreversible. 

A  main  seal  welding  experiment  is  in  progress  to  optimize  the  flush  time  and  to  check 
the  reliability  of  the  equipment.  The  automatic  cap-loader  has  been  abandoned,  since 
the  proposed  production  rates  are  attainable  without  it. 


5.  PROGRAM  FOR  NEXT  QUARTER 

5.1  PASSIVATION 

This  part  of  the  program  is  complete. 

5.2  HIGH  TEMPERATURE  MAIN  SEALING 
This  part  of  the  program  is  complete. 

5.3  PRODUCTION  RUN 

This  part  of  the  program  is  ready  and  can  be  started  as  soon  as  authorization  is 
given  by  the  Agency. 

5.U  EXPERIMENTATION  AND  EVALUATION 

Evaluation  of  the  rotary  cap  welder  will  be  continued. 

Evaluation  of  the  production  run  will  begin  as  soon  as  this  part  of  the  program  is 
authorized . 

5.5  CHARACTERISTIC  DISTRIBUTIONS 


The  monitoring  of  the  electrical  parameter  distribution  of  the  UJDUC  line  will 
continue.  Parameters  will  be  added  as  necessary  or  dropped,  if  it  is  found  that 
they  can  be  controlled  via  correlation  with  other  parameterr 


6.  PUBLICATIONS  AND  REPORTS 


6.1  Formal  Quarterly  Report. 

The  Third  Quarterly  Report  was  completed,  approved,  and  distributed. 
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PROFESSIONAL  PERSONNEL 
and 

TOTAL  AFFLIED  EFFORT 
for  period  covering 
31  January  1963  -  30  April  1963 


PERSONNEL 


F.  J.  Potter 
P.  W.  Olski 
D.  F.  Smith 
T.  E.  Gates 
C.  L.  Jeffers 
F.  Murapudi 
W.  A.  Scherff 
A.  Fox 


MAN-HOURS 

1,096 


